In this study, we monitored the status of marine environment of olive flounder, Paralichythys olivaceus, culture ground in Jeju-do, Republic of Korea. It reported the consumption of raw olive flounder meat containing of Kudoa, Kudoa septempunctata, could induce vomitting and diarrhea in Japan. The Kudoa is a new mycosporean species, researchers found Kudoa from the muscles of olive flounder cultured at western Japan and imported from Jeju-do. We choose two Kudoa positive farms and two negative farms in the mid of concern about the relation between Kudoa and habitat. We found two marine invasive species at the water-pumping seabed at one of the Kudoa positive farm. The concentration of pH and DO at on-growing flounder farms showed the decreasing pattern along side the raceway (influent sea waters > on growing sea waters > outfluent sea waters). The TN and TP values increased gradually following to the raceway (influent sea waters < on growing sea waters < outfluent sea waters). The concentration of COD and SS were in the range of 0.100 2.581 mg·L --1 , 1.00 12.70 mg·L --1 , respectively. The calculated residence time was 4hr 32minutes at F1, 11hr 21minutes at F2, and 9hr 50minutes at F3, respectively. It was calculated same distance of 4 km away from effluent pipes. Although direct relation between Kudoa and marine environment could not define well based on this study result, the more studies on marine environmental stressors for olive flounder are required to conduct as a reliable method including socio-economic group and environmental group.
.
Ⅰ Introduction

Status of flounder
The olive flounder, -Paralichythys olivaceus, is the most common flatfish species and accounts for 98 percent of the flatfish culture in Republic of Korea(NOAA). It is one of the most important marine aquaculture species, it contributed 51% of the total marine finfish aquaculture production in Republic of Korea in 2013 (Kim et al., 2014) . It was raised in The production of olive flounder in Jeju-do accounts for more than 60% of the total production in Republic of Korea (Kim et al., 2014) . The
Republic of Korean production exceeded Japanese in 1990s, exports to Japan targeting for raw fish market (Kim and Kang, 2011) . The flounder culture is based on the hatchery seeds and practiced in the raceway system. This flow-through land-based system is easy to setup and manage the water quality compared to re-circulatory system in the ocean. The total production tends to be under control thanks to the conditioning technology of the broodstock in capacity, but disease control and better broodstocks are on-going subjects in Jeju-do, Republic of Korea.
Disease issue
The several cases of diseases -related to the olive flounder reported since late 2000s in Japan. It reported that consumption of raw olive flounder meat containing of high concentration of Kudoa, Kudoa septempunctata, induces vomitting and diarrhea through an unknown mechanism (Ohnishi et al., 2013) . In the mid of undertaking the identification of Kudoa septempunctata which is a new myxosporean species in Japan, researchers found Kudoa from the muscles of olive flounder both cultured at western Japan and imported from Jeju-do, Republic of Korea (Matsukane et al., 2010; 2011) . The reasons of this unexpected myxosporean species are very complicated and diverse until now, it caused the concern to aquaculture, commercial fisheries, and fish dealers about transitive relation among host, pathogen, and mitigating environments. The disease of olive flounder rarely results from simple contact between host and potential pathogen. Before fish become sick, mitigating circumstances would be easy to present such as poor water quality, excessive crowding, or similar stressor (Austin and Austin, 2007) .
Previous study
To decrease the occurrence of -disease outbreaks, flounder culture ground should be managed to minimize the stress to fish. The poor water quality could be the important stressor for cultured fish and could cause many disease outbreaks (Rottmann et al., 1992) . For the good water quality, fish farmer consider preventing accumulation of organic debris and nitrogenous wastes, maintaining appropriate pH and proper range of water temperature, and maintaining dissolved oxygen levels (Francis-Floyd, 2009; Barton and Iwama, 1991) . Most studies on flounder farm management from disease have been conducted the relationship between hosts and pathogen excluding environmental factors (Han et al., 2006; Jee et al., 2001) . Both the status of marine environment itself and an environmental effect on productivity were studied relating with the growth rate of olive flounder, stocking density rate, and survival rate in Jeju-do, Republic of Korea (Eh, 2011) . Similarly, the effect of sediment and seawater quality of cultured fleshy prawn, Penaeus chinensis was measured focusing on growth in western coastal waters (Kang et al., 2000) . As the natural optimum sea water temperature for growth of olive flounder is 15 to 25 in Republic of ℃ ℃ Korea, fish farmers asked technical support for desirable environmental conditions such as control of temperature and appropriate amount of feed (Cho et al., 2006a) . However, monitoring of Kudoa septembunctata in cultured olive flounder in Jeju-do began in 2012 (Song et al., 2013) . Related to the Kudoa host-pathogen study, survey on the marine environment began since 2013.
Goal of the study In the mid of great concern -on marine environment of flounder, we choose two (Bartholomew et al. 1997; Benajiba & Marques 1993; Iijima et al., 2012; Uspenskaya 1995; Yokoyama et al., 2012) , we classified the polychaete species to assess the benthic community and grain composition in the sediment around influent water bottom. A majority of flounder ② farms use a moist pellet (MP) in Jeju-do, this MP associates with the deterioration of water quality and fish diseases (Cha et al., 2008) . To monitor the status of water quality on the raceway of flounder culture ground, we analyzed the variation of water quality following the flow-through of the culture grounds.
From flounder farms, organic ③ and inorganic materials including nutrients, feaces, and biological organism flow to the ocean in front of fish farms. We measured the particle residence time by means of remote tracer system in order to 
Data analysis
The scuba divers collected the sediment samples Pseudopolydora paucibranchiata (53%) as a majority species. The Pseudopolydora paucibranchiata is considered as a marine invasive species, it could negatively modify marine habitat with its large densities (Molnar et al. 2008) . The Mediomastus sp.
was considered tolerant of pollutants. Therefore, two species represented that sandy bottom habitat near Fig. 2] ).
[ Fig. 2 ] Concentration of water quality parameters : pH, DO, TN, TP, DIN, DIP, COD, SS. The value of "In" means reservoirs of influent water, "On" is the averaged value of water for young and adult fish, and "Out" is the effluents from fish farm. Boxplot visualized the distribution in a set of measured data. In boxplot, red line means the value of median, box means 5th 95th percentiles. Fig. 3] ).
[ Fig. 3 ] The result of residence time in Jeju-do. At effluent pipes near flounder farms, the gear of residence time deployed considering ebb tide. Deployed bottle equipped with remote tracking system transferred out to the open ocean. At F1, the device moved back and forth in the beginning. Then, it moved out quickly following the currents. 
Residence time
To assess the effects of waste solids from olive flounder farms, particle residence time was measured using the telecommunication technology developed by the National Fisheries Research and Development Institute(NFRDI, 2012). The calculated residence time was 4 hr 32 minutes at F1, 11 hr 21 minutes at F2, and 9 hr 50 minutes at F3, respectively (Fig. 3) Based on these experiment data, the residence time was very fast, so particle from flounder ground could spread very quickly and far away from the source point. 
. Discussion
Highly concentrated SS
The flounder farms mostly use a moist pellet (MP) in Jeju-do. The MP is a mixture of frozen fish and fishmeal, and it is easily soluble in the waters (Cha et al., 2008) . Due to the rapid collapse of MP, the nutrient concentration and metabolism of flounder dramastically increase while feeding. Kudoa can use these invasive species as host (Iijima et al., 2012; Ogawa, 1996) , we preserved classified benthic species for genetic detection of Kudoa related to this study(<Table 4>). The more extensive studies about Kudoa host species are required to find the unknown life cycle of Kudoa.
The optimal growth of the flounder documented 15 25 (Cho et al., 2006a; 2006b) , however ℃ -water temperature at culture ground ranged 26.4 -27.2 at F1. The water temperature is one of the ℃ most important influences on the immune system of the fish. The optimal temperature could differ from local circumstances, but it could affect the growth rate and become dangerous situation when it exceeds 28 . In order to minimize the stress and ℃ pathogen activities on fish farms, maintaining strategy how to control the good water conditions such as proper temperature, oxygen, pH are needed.
Generally, most of the countries use an average range of between 6.5 9.0 as a acceptable pH -levels for marine aquaculture (Lawson, 1995) .
Physical condition such as water temperature, salinity, altitude can also affect dissolved oxygen level. Most of the countries listed below had set greater than or equal to 5 mg·L -1 as an ideal DO concentration for marine aquaculture (Phillips et al., 2009) . In this study, pH levels were acceptable, but DO levels at F1 was lower than 5 mg·L The SS in water measured as total suspended solids in this study. (Salari et al., 2012) . The marine environmental impacts are required to assess according to properly improved feed formation and control of stock density.
The limit of this study was the total number of experiment gear for residence time, weakness of bottle, time depending results, etc. We used only 1 gear per station. It has a buoyance tapped by the glass bottle, it could be broken due to the strike the coastal stone. Thus, we need to make a more safe cover for this machine. Even though it shows very strong current and tides in Jeju, we need more experiment depending on the ebb tide and flood tide. In order to give a score of environmental stressor for olive flounder, we combined the weighted linear combination method (Malczewski, 2000) . A hierarchical modeling scheme used to identify the environmental stressors. Considering Kudoa, we adopted the weight of suitability class.
Scoring of environmental stressors
The maximum score of each group is alloted to four. In case of finding marine invasive species, we gave weight of two as a score of biological group in each species. As these species negatively modifies habitat with large densities and could be the host for Kudoa at bottom seabed (Ohnishi et al., 2013) , we highly considered the importance of existence of marine invasive species at influent bottom.
We scored four at F3 based on two invasive species multiply by weight two. In chemical group only four most important parameters such as temperature, DO, COD, and SS were considered to add the score. Because values of salinity, TN, and TP in all stations were acceptable, and scores of TN and TP could add repeatedly with COD just in case. At F1, sum of score was three, because water temperature exceeded 25 and DO was less than ℃ 5 mg·L -1 and concentration of SS exceeded 3 mg·L -1 which is the critical point for sustainable management. At F2, the concentration of COD and SS exceeded the standard value, so we scored two.
At F3, the value of SS exceeded the guideline and found two marine invasive polychaetae, thus we scored five. We did not find any physical stressors in all stations. The maximum score of environmental stressors was five at F3, and minimum was one at F4. The total score of F1 was score of three and F2 was score of two.
The more studies on marine environmental stressors for olive flounder are required to conduct as are liable method including socio-economic group and environmental group.
